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(5) S.Kapfand C. Paal, Chem. Ber., 21, 3061 (1888).

(6) The 2,5-diphenyl-1-pyrrolyl radical might be converted to 11 by hydrogen
transfer to nitrogen and/or by hydrogen abstractlon to glve 2,5-diphenyl-
3H-pyrrole and then hydrogen migratlon.
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Structure and Origin of the Onion Lachrymatory
Factor. A Microwave Study!-3

Sir:

A variety of structures have been proposed for the la-
chrymatory factor (LF) of the onion (A4/lium cepa) since the
molecular formula C3HgSO was first determined in 19564 and
the cellular precursor trans-(+)-S-(1-propenyl)-L-cysteine
sulfoxide (1a) identified in 1961.5 Among the possibilities

(E)CH,CH=CHS (O)H C H

RS(0)CH,CH(NH, )COOH HOCH,,CH, CHS EL
’, -

1a R=E-CH,CHsCH H 0
Al TR

b Re= CH=CH

A~ 2 4

3
g, R=  CHyCH)CH, 2 3 A

suggested for the LF have been 8-hydroxypropanethial (2),*
(E)-1-propenesulfenic acid S-H tautomer (3),% (E)-pro-
panethial S-oxide (4),7 and an interconverting mixture of the
latter two structures.!® Recently we reported the application
of flash vacuum pyrolysis (FVP) spectroscopic approaches to
the study of structures related to 2-4, namely thioformal-
dehyde, CH3S,!? methanesulfenic acid, CH3SOH,* and
sulfine, CH,SO.2 We now report the application of microwave
(MW) and FVP-MW techniques to the characterization of
the onion LF, for which we report a revised structure together
with a unifying proposal for its genesis. We also report a new
synthesis of sulfines discovered during the course of these
studies.

Examination by microwave spectroscopy of the LF isolated
from onions'5 provided unambiguous evidence that the prin-
cipal component corresponds to (Z)-propanethial S-oxide, 6.

Scheme I

allinase
C'CH3CH = CHS(O)CHZCH(NHZ)COOH ——

088 > |Schiff base]
Pyridoxal phosphate

-
—— E'CH3CH=

; c<; + cH, = CNE TIE0,T ——> CHyC(0)CO,T + HH,
l 1 <07

N +2,

czns/c "N -
%

The formation of the LF 6 from precursor 1a seems best ex-
plained by the sequence indicated in Scheme 1.!¢ It should be
noted that the step linking 5 (structure preferred over 3 on the
basis of the known structure of CH;SOH!4) and 6 requires Z
stereochemistry in 6, and that the conversion of 5 to 6 is anal-
?%?1715 to the known tautomerism of thioamide S-oxides (eq

ArO(‘Z =NAr' :ArOﬁNHAr' (1)
S=0=H S0

To test the possibility that l-alkenesulfenic acids could
rearrange to sulfines, we have examined the pyrolysis of
(E.Z)-2-methyl-2-propyl 1’-propenyl sulfoxide (7) and 2-
methyl-2-propyl vinyl sulfoxide (8).!8:19 We find that both 7
and 8 are efficiently converted by FVP at 250 °C to the re-
spective sulfines 6 and (Z)-ethanethial S-oxide (9), as char-
acterized by both microwave and NMR spectroscopy (see
Scheme II).'3 Sulfine 9, while not of natural origin, is likely
formed by the action of onion alliinase on sulfoxide 1b.!! Neat
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Scheme I1
250° 650°
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3 s 0 2 2
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8 decomposes within 4 h at 100 °C to give, among other
products, acetaldehyde which we have found to be a major
decomposition product of sulfine 9.12 At 100 °C a solution of
8 in excess methyl propiolate affords sulfenic acid adduct
10920 (Scheme I1). Finally, under FVP conditions (650-750
°C) microwave analysis indicates that sulfine 9 decomposes
to both acetaldehyde and thioketene 11 (Scheme I11).2! We
postulate that at these high temperatures 9 is in equilibrium
with ethenesulfenic acid which undergoes dehydration to
thioketene.22

The structures of (Z)-ethanethial S-oxide (9) and (Z)-
propanethial S-oxide (6) were determined through analysis
of the microwave spectra of the respective normal isotopic
species. Since rotational constants are available only for a
single isotopic species for each, structural conclusions are based
upon the assumption that the -CHSO framework is the same
as that of sulfine? and that the methyl group are tetrahedral
with C-H = 1.093 A. For 9 a structure fit to the observed ro-
tational constants (with the above constraints) gives C-C =
1.50 A, ZCCS = 124°,a Z (syn) CCSO arrangement, a dipole
moment of 3.33 (2) D, and a CHj internal rotation barrier of
0.8 kcal mol~!, There is no microwave evidence for the pres-
ence of the E (anti) isomer of 9.

H\
—_—t
\"°/—c<?s\
CH; x O~
3.33D
CH/CHJ CH.»CH
[ 3
e=s* T Ness
77T e
0- H 0o-
4a 4
H\ H\ +
—_—t -
/C—S\ /C—S\
CH, O~ CH, o©O-
N v
CH, CH,
6b

6a

For propanethial S-oxide 4 or 6, without multiple isotopic
substitution, only the overall molecular conformation can be
determined with certainty. Internal rotation about the CH-
CH, bond gives this sulfine an additional conformational de-
gree of freedom with the four most likely conformations being
Z cis (6a), Z skew (6b), E cis (4a), and E skew (4b). Assuming
the ethanethial S-oxide framework determined above, and
C-CHj; = 1.525 A and «CCC = 109.5°, the rotational con-
stants for the four likely conformers 4a, 4b, 6a, and 6b have
been calculated and compared with the observed constants,
Only 6b and 4a have rotational constants similar to the ob-
served values and of these two only the Z-skew rotamer 6b
fulfills the heavy-atom nonplanarity implied by the observed
constants, The torsional angle about the CH-CH; bond which
best reproduces the observed Z-skew 6b rotamer’s rotational
constants is ~125° (displaced from methyl, S==O cis as in 6b’),
but is uncertain by an estimated £10° owing to the many
structural assumptions involved. The intense torsional satellite
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spectra of (Z)-propanethial S-oxide (6) suggest that the
preference for the skew conformation is not a very strong one.
Unlike the parent sulfine,?2 sulfines 6 and 9 are stable in the
waveguide at S0 mTorr and 25 °C. It has not yet proven pos-
sible to observe directly by microwave spectroscopy (or other
spectral means) 1-alkenesulfenic acids either in the pyrolysis
of 7 or 8 or in the vapors or extract from homogenized on-
ions.

Careful FT NMR analysis of the isolated onion LF as well
as the sulfines from pyrolysis of alkenyl sulfoxides 7 and 8 re-
veals the presence in each case of a minor (<10%) component
characterized as the (£)-sulfine (e.g., 4 from the onion and
from 7). Details of this work will be presented elsewhere.
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Photochemical Reaction of Dicyanoanthracene with
Acetonitrile in the Presence of an Aliphatic Amine.
A Novel Photochemical Amination

Sir:

Photochemical reactions involving electron transfer followed
by proton transfer are well examined on arene-amine systems.!
For instance, irradiation of a solution of anthracene and a
secondary amine in acetonitrile yielded both the 1:1 adducts
andthe reduction products of anthracene.2 We now report that
irradiation of 9,10-dicyanoanthracene (1), a more powerful
electron acceptor than anthracene itself, in acetonitrile in the
presence of a primary, secondary, or tertiary amine did not
yield the 1:1 adduct of the amine and 1 but reaction products
between 1 and acetonitrile.

Irradiation of a mixture of 1 (70 mg) and butylamine (20
mL) in acetonitrile (300 mL)3 with a Pyrex-filtered me-
dium-pressure mercury arc (100 W) for 4 h under nitrogen
gave 9-amino- 10-cyanoanthracene (2), mp 259-260 °C (lit.*
mp 262-263 °C), m/e 218 (M), in 64% yield. Acetaldehyde
and butyraldehyde were also identified in the reaction mixture
as the corresponding 2,4-dinitrophenylhydrazones. A similar
result was obtained when 1 in the acetonitrile® was irradiated
in the presence of diethylamine or triethylamine producing 2
in 42 or 34% yield together with acetaldehyde, respectively.

To clarify the origin of the nitrogen in the amino group of
2, we carried out similar photochemical reactions of 1in 90%
aqueous acetonitrile-'5N (96.9 atom %) in the presence of
tricthylamine. The mass spectra clearly showed that the major
product (>95%) was *N-incorporated 2. This result explicitly
indicates that the nitrogen in the amino group of 2 originates
from the acetonitrile. In accord with this result, when methanol
or benzene was substituted for acetonitrile, 9-cyanoanthracene
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